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Introduction

Drought stress is one of the major issues in reducing plant yield, especially in arid and semi-arid regions. This stress
induces various physiological, biochemical, and molecular responses in crops as a survival mechanism, and it limits
their production more than any other environmental factor. Also, drought stress can damage photosynthesis in crops and
reduce growth, development, and grain yield. One of the important strategies for increasing the concentration of CO; in
plants is the use of alcoholic compounds such as methanol, which can increase the concentration of CO; in the plant and
help its photosynthesis and growth under drought stress conditions. Therefore, the objective of this experiment was to
evaluate the response of some morphological traits, yield, and yield components of cowpea to methanol foliar
application under drought stress conditions.

Materials and Methods

The experiment was conducted as a split plot based on randomized complete block design (RCBD) with three
replications in the summer of 2021 at Dezful region. Drought stress was applied based on irrigation intervals at four
levels (80, 110, 140, and 170 mm of evaporation from a class A evaporation pan) as the main factor. Foliar spraying
was performed at four levels (0, 10, 20, and 30% volumetric methanol solution) as the sub-factor. The evaluated traits
included plant height, number of leaves, number of pod per plant, number of grain per pod, 100-grain weight, grain
yield, biological yield and harvest index. Analysis of variance was performed using statistical analysis system (SAS ver.
9.3). The means were compared using the Duncan's multiple range test at 5% probability level.

Results and Discussion

The results of this study showed that drought stress could reduce cowpea grain yield by reducing plant height, shedding
leaves and flowers, and negatively affecting yield components. While, methanol foliar spray treatment had a positive
and significant effect on all studied traits, and this effect reached its maximum in foliar spray with 30% volumetric
methanol. Based on the comparison of the treatment means, the highest plant height (159.64 cm), number of leaves per
plant (69.72), number of pods per plant (60), number of grains per pod (12.6), 100-grain weight (20.01 g), grain yield
(2260 kg/ha), biological yield (4712 kg/ha), and harvest index (48 %) belonged to foliar application of 30% volumetric
methanol under irrigation conditions after 80 mm evaporation, and the lowest values belonged to the treatment
combination of no foliar application of methanol (control) under irrigation conditions after 170 mm evaporation.
Therefore, it seems that methanol foliar spraying is effective due to several mechanisms, including improving plant
photosynthesis, reducing oxidative stress, improving water and nutrient absorption, changing plant metabolism,
increasing vegetative growth, improving flowering and pod formation, moderating the effect of drought stress, and
ultimately, it increased the final yield of cowpeas.
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Conclusion

Based on the results of this study, the use of methanol foliar spraying, especially its application 30% volumetric, can
increase cowpea grain yield under drought stress conditions by improving some morphological traits such as plant
height and number of leaves per plant, as well as yield components (number of pods per plant, number of grains per
pod, grain weight).
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Table 1: Physical and chemical properties of soil experimental field

Sampling . . Organic Electrical

((Jlept)h Soil texture (an]t;)kgge_?) (Pr?]gslg g?)r us E’r?]';azls(sglulr)n ?;/a;tter pH ((:ggduclt)ivity
cm 0 m

0-30 Clay loam 45 6.7 0.8 7.4 0.99
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Fig. 1: Ambrothermic curve of Dezful meteorological station in 2021
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Table 2: Analysis of variance of morphological traits, yield and yield components of cowpea to methanol foliar application under drought stress conditions
Mean of squares

Source of variation df . Number of Number of pod  Number of 100-Grain L Biological .

Plant height | . X Grain yield . Harvest index
eaves per plant grain per pod weight yield

Replication 2 480.814 80.063 160.396 57.105 16.521 17764.583 50731.750 6.812

Drought stress 3 6939.500™ 1920.306™ 2090.723™ 32.076™ 57.917" 2874485.417™  5522045.062"  420.167"

Error (a) 6 96.563 13.319 22.035 1.889 1.770 11772.918 50298.971 7.646

Methanol 3 335.056™ 183.689™ 301.167" 10.688™ 36.829™ 184935.418™ 237278.940™  29.335"

Stress X Methanol 9 158.148™ 49.874™ 37.503™ 1.675" 3.446™ 42157.124™ 151963.298™ 16.318"

Error (b) 24 38.542 12.702 8.903 0.667 0.708 11720.833 45885.501 6.771

Coefficient of variation (CV %) 4.95 6.84 7.62 8.77 5.73 6.48 5.35 6.31

*and ** Significant at 5% and 1% probability level, respectively

Table 3: Comparison of the mean interaction of drought stress and methanol foliar application on of morphological traits and yield components of cowpea

Drought stress Methanol Plant height Number of leaves Number of pod per  Number of grain 100-Grain weight Harvest index
(cm) plant per pod (9) (%)

Mo 142.34 ¢ 62.29 48.00 ¢ 10.00 bc 15.31 cd 43.95¢

e Mo 144.21 be 65.00 bc 50.66 bc 10.30 be 16.05 ¢ 45.02 b
Mazo 147.67 b 67.69 ab 54.02 b 11.00 b 18.00 b 47.00 a
Mao 159.64 a 69.72 a 60.01 a 12.67 a 20.01a 48.01a
Mo 135.00 d 54.33 f 40.05 e 9.00 ¢ 14.00 42.07d

o Mo 137.02 d 58.01 e 44.00 d 10.00 be 15.02 d 43.04 cd
Mazo 139.11 cd 60.00 cd 49.03 ¢ 10.33 be 16.04 ¢ 45.00 b
Mao 140.28 ¢ 63.06 ¢ 52.11 bc 11.00 b 17.00 be 46.12 b
Mo 118.33 f 48.00 h 27.33h 8.33d 12.00 f 39.00 e

| Mo 120.41 f 51.02 g 30.02 g 9.00 ¢ 1351e 40.02 e

140 Mzo 122.08 e 53.00 fg 35.00 f 10.31 be 15.00 d 41.05d
Mao 125.00 e 56.01 f 43.01d 10.67 b 16.02 ¢ 43.32¢
Mo 85.42 30.37k 20.36 k 6.38 g 10.33 gh 32.00 g

| Mo 88.00 i 35.00 jk 22.31j 6.93 11.00 g 32.09 fg

1o Mzo 95.02 h 37.03j 24.00 i 7.35 ef 13.01 ef 33.04 f
Mao 104.63 g 43.66 i 27.03 h 8.37d 14.00 e 34.33f

Means followed by the same letters in each column are not significantly different at 5% probability level, according to Duncan's test.
lso, 1110, l140 @and la70: Irrigation after 80, 110, 140 and 170 mm evaporation from Class A evaporation pan, respectively; Mo, M1o, M2 and Mso: 0, 10, 20 and 30 volumetric percent
methanol spraying, respectively
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Fig. 2: The interaction of drought stress and methanol foliar application on grain yield of cowpea.
lso, 1110, 1140 @nd lizo: Irrigation after 80, 110, 140 and 170 mm evaporation from Class A evaporation pan, respectively;
Mo, M1o, M2 and Mso: 0, 10, 20 and 30 volumetric percent methanol spraying, respectively.
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Fig. 3: The interaction of drought stress and methanol foliar application on biological yield of cowpea.
lso, l110, 1140 @and lizo: Irrigation after 80, 110, 140 and 170 mm evaporation from Class A evaporation pan, respectively;
Mo, M1o, M2 and Mso: 0, 10, 20 and 30 volumetric percent methanol spraying, respectively.
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